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Distribution behavior of inorganic constituents in chemical recycling processes of 
a municipal waste slag
 
OMURA Kohei1), SAKIDA Shinichi2), BENINO Yasuhiko3), NANBA Tokuro4) 
 
■Summary■ 
A chemical recycling process of inorganic wastes has been developed, where after vitrifying wastes, the glasses 
were heat-treated and soaked in an acid, obtaining colorless and transparent SiO2-abundant glasses. In the present 
study, distribution behavior of the constituents such as Si, P, Ti, Al and so on present in a municipal waste slag 
was examined. According to compositional analyses, the recovered solids after acid treatment consisted of SiO2, 
P2O5 and TiO2, suggesting the preferential distribution of P and Ti atoms into SiO2-rich phase during phase 
separation. In high resolution microscopic analyses, however, it was observed that P and Ti atoms were distributed 
separately from Si atoms, and they were present in the different particles insoluble in the acid. It was finally 
concluded that the insoluble solids were produced by a dissolution-reprecipitation process, that is, once all the 
constituents of the vitrified slag were dissolved in the acid, P2O5 and TiO2 coprecipitated as particles, and TiO2 
was indispensable for the precipitation of P2O5. SiO2 also precipitated as particles separately from P- and 
Ti-containing particles. 
Fig. 1. STEM and STEM/EDX elemental mapping images of a slag glass after acid treatment.   
 
■Key word■ 
Chemical recycling of wastes, Glass, Phase separation, Dissolution-reprecipitation, Elemental mapping 
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耐火物の塩基度と耐スラグ侵食性 
Basicity and Slag Corrosion Resistance of Refractories 
 
難波徳郎 1)，崎田真一 2)，紅野安彦 3) 
NANBA Tokuro1), SAKIDA Shinichi2), BENINO Yasuhiko3) 
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(+ZrO2)}Slag図１（右） XPS 測定より求めた種々のセラミックスの 
O1s 束縛エネルギーと光学的塩基度Λの算定値の関係． 
◇MxOy: 単純酸化物 (MgO, Al2O3, SiO2, TiO2, Cr2O3, ZnO, ZrO2), 
○MgO-Al2O3: xMgO⋅(100−x)Al2O3スピネル (x = 30, 50, 70 mol%), 
●MgO-Al2O3+ZrO2: 10 vol% ZrO2添加 MgO-Al2O3スピネル, 
◆(Al,Cr)2O3: 10Cr2O3⋅90Al2O3コランダム (mol%),  
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Photo-induced underwater superoleophobicity of TiO2 thin films 
 
Yusuke Sawai1), Shunsuke Nishimoto2), Yoshikazu Kameshima3), Eiji Fujii4), Michihiro Miyake5)  
 
■Summary■ 
The photo-induced wettabilities of water, n-hexadecane, dodecane, and n-heptane on a flat TiO2 surface prepared 
by sol-gel method-based coating were investigated.  An amphiphilic surface produced by UV irradiation 
exhibited underwater superoleophobicity with an extremely high static oil contact angle (CA) of over 160°.  The 
TiO2 surface almost completely repelled the oil droplet in water.  A robust TiO2 surface with no fragile 
nano-microstructure was fabricated on a Ti mesh with a pore size of approximately 150 μm.  The fabricated 
























TiO2 photocatalyst, Superhydrophilicity; underwater superoleophobicity; wettability conversion; oil-water 
separation 
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Figure. Schematic diagram and photographs of the oil/water separation device containing the TiO2 mesh 
films with a pore size of about 150 μm.  n-Hexadecane dyed red and water dyed blue was used as the oil 
and water, respectively, in these photographs. 
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Heterogeneous Polycondensation for Composition Control of 
Poly(p-mercaptobenzoyl-co-p-benzamide) by Shearing 
 
Toshimitsu Ichimori1), Shinichi Yamazaki2), Kunio Kimura3) 
 
■Summary■ 
Composition control of aromatic 
poly(thioester-amide) was examined by the 
reaction-induced phase separation during 
polymerization of S-acetyl-4-mercaptobenzoic 
acid (AMBA) and p-acetylaminobenzoic acid 
(AABA) in aromatic solvent. The 
poly(thioester-amide)s were obtained as 
precipitates and their yields became lower at the 
middle range of the content of AMBA in feed (χf). 
The contents of p-mercaptobenzoyl (MB) moiety 
(χp) in the precipitates prepared without shearing 
were in good agreement with the χf values. In 
contrast to this, the χp values of the precipitates 
prepared at χf of 50-70 mol % under shearing 
were much lower than the χf values. The reaction 
rate of AMBA increased with shearing, whereas 
that of AABA was unchanged by shearing. This 
shearing effect on the reaction rates accelerated to 
form the homo-oligomers. The solubility of MB 
oligomers enhanced by shearing, whereas that of 
p-benzamide oligomers did not enhance owing to 
the strong interaction through hydrogen bonding. 
The MB oligomers were inhibited to be 
precipitated, resulting in the lower χp values than 
the χf values. The composition could be 
controlled by the application of the shearing to the 




composition control; copolymerization; crystallization; polyamides; polycondensation; poly(thioester-amide); 
shear; step-growth polymerization 
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Figure. Morphologies of the precipitated polymers 
prepared for 6 h. (a) χf = 0 mol %, γ = 0 s−1, (b) χf = 0 
mol %, γ = 147 s−1, (c) χf = 50 mol %, γ = 0 s−1, (d) χf = 
50 mol %, γ = 147 s−1, (e) χf = 100 mol %, γ = 0 s−1, and 
(f) χf = 100 mol %, γ = 147 s−1. 
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Synthesis and morphology control of self-condensable naphthalene-containing 
polyimide by using reaction-induced crystallization 
  
Takashi Sawai1), Kanji Wakabayashi1), Shinichi Yamazaki2), Tetsuya Uchida3), Yoshimitsu Sakaguchi4), 
Ryouhei Yamane4), Kunio Kimura5) 
  
■Summary■ 
Poly(2,6-1H-benzo[f]isoindole-1,3(2H)-dione) (PBID), which was a self-condensable naphthalene-containing 
polyimide, was synthesized as precipitated crystals from 6-amino-3-(ethoxycarbonyl)-2-naphthoic acid and 
7-amino-3-(ethoxycarbonyl)-2-naphthoic acid by using reaction-induced crystallization during solution 
polymerization. The obtained PBID crystals possessed high crystallinity, excellent thermal stability and chemical 
resistance. They neither exhibited Tg nor Tm under the decomposition temperature. The morphology of the PBID 
crystals depended on not only the polymerization conditions but also the isomeric structure of the monomer, and 
the wide variety of the morphology appeared such as rods, plates and lathes. The plate-like crystals had fine 
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Sulfonation of Novel Fluorine-containing Poly(arylene ether nitrile)s for Polymer 
Electrolyte Membranes 
  
Yoshimitsu Sakaguchi1), Satoshi Takase1), Kazushi Omote2), Yoshinobu Asako2) , Kunio Kimura3) 
 
■Summary■ 
Sulfonation reaction of fluorine-containing poly(arylene ether nitrile) derived from 
4-phenoxy-2,3,5,6-tetrafluorobenzonitrile (PTFB) and 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-hexafluoropropane 
(6FBA) by concentrated sulfuric acid at 30 degrees C yielded quantitative introduction of one sulfonic group into 
phenoxy ring in the polymer at para-position with 68mol% and at meta-position with 32mol% due to the influence 
of fluorines at the ortho-positions of adjacent benzene ring. Membrane properties of the resulting polymer, 
thermal stability, proton conductivity and water uptake, were investigated for the application in fuel cells. While 
the membrane derived from the polymer showed similar level of proton conductivity at humidified condition to 
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Rapid Conversion of Glycerol to Lactic Acid under Alkaline Hydrothermal 
Condition, by Using Continuous Flow Reaction System 
 
Toshinori Shimanouchi1), Shohei Ueno2), Kazuki Shidahara3), Yukitaka Kimura4) 
 
■Summary■ 
A rapid conversion of glycerol 
to lactic acid (lactate) could be 
successfully achieved under the 
alkaline hydrothermal condition, 
by using the continuous flow 
reaction system (Fig. 1(a)). A rapid 
conversion by a continuous 
flow-type reaction system could 
make it possible to achieve the 
reaction under high temperature 
condition without side-reaction 
(Fig. 1(b)): i.e. the rapid 
conversion of glycerol to lactic 
acid (reaction time: 2 min; yield: 
90%). This result is the most 
excellent record to the best of our 
knowledge. This achievement 
resulted from the rapid 
temperature-shift rather than the 
reaction mechanism. In our 
condition afforded the racemic 
lactate, not L- or D-lactic acid, 
indicating the requirement of both 
the neutralization after the reaction 
process and the induction of the 
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Fig. 1 (a) Schematic illustration on the rapid conversion of glycerol to 
lactic acid (lactate) in the preset micro reactor under the well-controlled 
temperature conditions. (b) Temperature effect on the conversion of 
glycerol and yields of lactate, formic acid, and acetic acid. G: glycerol; L: 
lactate; F: formic acid; A: acetic acid. In the case of batch system at 623 K, 
other peaks (not identified) were observed although the data was not 
involved here. For batch system, 6 mL of solution was loaded into the SUS 
with 0.013 m in inner diameter (10 ml of volume) to start the reaction. 
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9. 水熱法によるマシナブルゼオライトバルク体の作製と Cs+ 吸着性能 
10. 水中における TiO2 表面の撥油性評価と応用 
11. 紫外光照射が TiO2 光触媒のセルフクリーニング効果に与える影響 
12. Mn 酸化物系層状ペロブスカイトの熱電変換性能 
13. MgFe 型層状複水酸化物（LDH）の触媒活性評価 
14. La, Ni 系層状ペロブスカイトの SOFC カソード特性 
 
有機機能材料学研究室（指導教員：高口豊・田嶋智之） 
15. 末端にリン酸エステルを持つフラロデンドロンの合成とカーボンナノチューブ   
分散剤への応用 
16. 末端をリン酸基で修飾した 1,10-ビス(デシロキシ)デカンをコアに持つポリ(アミ   
ドアミン)デンドリマーの合成と性質  
17. ポリリン酸を溶媒として用いたグラファイトの臭素化反応 
18. 単層カーボンナノチューブ/フラロデンドロン/ Mo ナノハイブリットの調製と光   
還元触媒への応用 
19. C60-ペンタセン付加体を利用した薄膜デバイスの作製 
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9. Sc ドープ ZnO 系酸化物の熱電特性 
10. 酸素欠損酸化物を担体に用いたエタノール改質触媒 
11. Zr 化合物複合体の作製とその触媒活性評価 
12. 改質バイオガスを燃料とする固体酸化物燃料電池用燃料極の開発 
13. 可視光照射下における WO3光触媒とオゾンを用いた水処理 
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14. 1,10-ビス(デシロキシ)デカンをコアに持つデンドリマーを用いたカーボンナノチ   
ューブ/炭酸カルシウムの複合体調製 
15. 4 置換ヘキサチオペンタセン誘導体の合成と自己組織化 
16. 複数のターチオフェンを置換基に有するフラロデンドロンの合成と性質 
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37. バイオマスタール分解に用いる酸化鉄−酸化セリウム触媒への K 添加による影響評
価 
38. Preparation and characterization of biochar from pyrolysis of rice residues 
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